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 Attempts at reducing radiation exposure using collimators, pulsed ﬂuoroscopy and short ﬂuoroscopy times are mandatory during
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Background: The aim of this study was to evaluate radiation exposure during aortic endovascular
aneurysm repair (EVAR) on a mobile C-arm using a low dose and pulse mode.
Methods: We performed a retrospective analysis of a prospectively maintained database on patients
undergoing EVAR. Indirect dose measurements of dose area product (DAP, mGy m2) calculated by the
C-arm (OEC 9900MD), ﬂuoroscopic time (FT), type of procedure, contrast media volume and body mass
index were analysed.
To conﬁrm the correlation between direct and indirect DAP measurements, direct dose was measured
with radiochromic ﬁlms on a sample of 15 patients. Film grey level response was calibrated according to
a reference dose measurement performed with a calibrated dosimeter. DAP and peak skin dose (PSD, Gy)
were measured on each ﬁlm. Correlation between DAP from direct and indirect measures, and between
DAP and PSD, were analysed.
Results: From January 2009 to April 2011, 335 patients underwent EVAR. Complete data were available on
301 procedures including 188 bifurcated, 54 fenestrated, 28 thoracic, 20 branched and 11 aorto-uni-iliac
endografts implantation. The respective median FT and DAP was 9.36 min (1.8e67) and 3 mGy m2 (0.4
e28); 27.2 min (2e69) and 7.3 mGy m2 (1.2e29); 7.75 min (1.2e19.1) and 2 mGy m2 (0.3e11); 42.98 min
(2.4e95.4) and 15.95 mGy m2 (2.98e77.7); 6.2 min (0.5e36.3) and 2 mGy m2 (0.3e11). Direct DAP
measurement on radiochromic ﬁlms was strongly correlated with DAP values provided by the C-arm
(r ¼ 0.98). PSD correlated weakly with DAP.
DAP was signiﬁcantly increased (p < 0.001) in patients with a body mass index >30. Contrast media
volume was signiﬁcantly increased in the branched endograft group.
Conclusion: Indirect DAP values measured by the C-arm are accurate to evaluate radiation exposure.
Compared to the literature, our values for standard procedures are signiﬁcantly decreased by the usage of
low dose and pulse mode. DAP for fenestrated and branched procedures was comparable to published
DAP values with standard procedures using a regular ﬂuoroscopic mode.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.With the increase of endovascular aortic aneurysm repair
(EVAR) and complexity of procedures, coupled with technological
advances relating to equipment and endografts, prolongedtions on this paper, please go
RU de Lille, INSERM U1008,
ance. Tel.: þ33 320 445 005;
aulon).
ciety for Vascular Surgery. Publisheﬂuoroscopy times are frequently observed.1,2 Concern has grown
regarding substantial radiation exposure risks for both patients and
operators.35 Monitoring, recording of radiation exposure and an
assessment of radiation effects are thus recommended.68 Radia-
tion dose during EVAR includes the screening time, the number of
angiographic acquisitions, as well as the collimation and the
magniﬁcation. The automated dose reporting systems of ﬂuoros-
copy time and radiation dose are normally used to report the
radiation exposure, but these indirect parameters can be
imprecise.9d by Elsevier Ltd. All rights reserved.
Figure 1. Red component of tif ﬁle (A) and dose image (B) of a fenestrated endograft
case.
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before, during and after the procedure, with multiple computed
tomography (CT) scans for endograft design and follow-up.
Regarding the patient risk, the radiation exposure must be
limited. One approach is to reduce the radiation dose during the
procedure, but this is currently highly dependent on the operator’s
technique, highlighting the need for trained operators and their
application of the ALARA (as low as reasonably achievable)5,10
principle.
The aim of this study was to determine the radiation patient
exposure for EVAR procedures performed on a mobile C-arm using
low dose and pulse mode by a trained team, and to compare our
results with the published literature.
Methods
Since 2009, an endovascular database has been prospectively
maintained and this was used to identify the patients for this study.
Between January 2009 and April 2011, all consecutive patients
treated with standard or custom-designed endovascular devices for
aortic aneurysm were prospectively enrolled. All procedures were
performed in an operating room under general anaesthesia by
trained operators, applying the ALARA principle. The patient was
placed on a surgical free-ﬂoating table with cradle motion capa-
bility (ImagiQ, Stille-Surgical AB, Solna, Sweden). All procedures
were performed under ﬂuoroscopic guidance using OEC 9900 Elite
MD mobile C-arm (GE OEC Medical Systems, Inc. Salt Lake City, UT,
USA) with the image generator primarily situated underneath the
patient (posterioreanterior projections). Although the default
settings could be changed at any time by the operator, the ﬂuo-
roscopy pulse rate was set at 8 pulses per second and the acquisi-
tion frame rate was set at 8 frames per second and maintained
during the procedure except when the image quality became
inadequate. The high ﬂuoroscopy level mode was activated at
speciﬁc moments of the procedure (e.g., renal artery stenting) to
improve sensitive vessel visualisation. The least number of ﬂuoro-
graphic images were acquired. The image intensiﬁer ﬁeld size was
31 cm (12-inch) by default and image magniﬁcation to 23 (9-inch)
and 15 cm (6-inch) was used only when essential. The source-to-
object distance was maximised and the object-to-image receptor
distance was minimised. The image intensiﬁer could be rotated
from antero-posterior to lateral position up to 90. Neither our
imaging equipment nor our deployment and angiogram protocols
changed during the study period.
Indirect estimates of dose
For each procedure, indirect measurements of radiation expo-
sure calculated by the C-arm softwarewere prospectively recorded:
the ﬂuoroscopy time (FT, in minutes) and the dose area product
(DAP, inmGym2). The DAPwas the product of the irradiated surface
area multiplied by the radiation dose at the surface, and depended
on technique factors, exposure time, collimator settings, magniﬁ-
cation modes and calibration. The volume contrast media required
(in ml), the duration and the type of endovascular aortic repair
(bifurcated, fenestrated, thoracic, branched or aorto-uni-iliac
endografts) and the body mass index (BMI, in kg m2) of each
patient were also recorded.
Direct skin dose measurement
In order to corroborate C-arm DAP values, a prospective study
including 15 cases has been conducted to investigate DAP value
correlation to a direct dose measurement of radiation exposure, the
peak skin dose (PSD, in Gy), using radiochromic ﬁlms(GAFCHROMIC XR RV3, Internal Specialty Products, Wayne, NJ,
USA). The property of the ﬁlms was to proportionally represent
optical density as the absorbed X-ray dose. The ﬁlm dimensions
(35.6 43.2 cm) enabled a total coverage of the thoraco-abdominal
region and the ability to detect any exposure for all angulations
except for a perfectly lateral (90) C-arm angle. This method is
considered to be the most reliable way to record radiation dose
distribution during interventional procedures.11,12 Films were
placed underneath the patient before starting the procedure, and
kept in place during the full X-ray procedure. The date and last
exposure time were recorded and the ﬁlm stored in the dark to
allow stabilisation during a minimum of 24 h. The dose distribution
and magnitude were immediately visible and did not require ﬁlm
processing. Optical density measurement over time showed that
the ﬁlm response was stable over a 14-day period after exposure.
The correlation between ﬁlm optical density and dose was estab-
lished according to the manufacturer’s recommendations with the
realisation of a calibration tablet made of GAFCHROMIC samples
exposed to calibrated dose level from 0 to 2.5 Gy. Film digitalisation
was performed using a ﬁlm scanner QUBYX Lynx A3 (Qubyx, Nice,
France) at 42-bit depth and 100-dpi resolution, and saved in TIF
format. The red component of the TIF ﬁle was analysed (Fig. 1).
ImageJ software (v1.42q, Wayne Rasband, NIH USA) was used to
measure grey levels in the calibration tablets. The conversion
relationship between the image grey levels and dose value was
computed using Microsoft Excel (Microsoft, Redmond, WA, USA).
An interactive data language (IDL) (v5.5, ITT Visual Information
Solutions, Boulder, CO, USA) script was used to convert optical
density of the patient ﬁlms to a two-dimensional (2D) dose map
applying the conversion function evaluated from the calibration
tablet. The DAP was calculated as the integral of the dose data point
values multiplied by the area per pixel. The PSD was computed as
the maximum dose value in a 0.5  0.5 cm area average value. DAP
and PSD measured on ﬁlms were compared with DAP provided by
the C-arm (Fig. 2).
Data collection and statistical analysis
Clinical data, intra-operative details and exposure parameters
were prospectively recorded in a computerised database. Median
values, mean values and standard deviations (SDs) as ranges were
calculated for all the variables. An analysis of variance (ANOVA) test
was performed to identify a signiﬁcant difference of grey levels
depending on time lapse between the exposure and scan. The
relationship between grey levels and radiation dose was performed
on one calibration tablet image corrected for uniformity. Paired
analysis of the DAP for each of the subgroups of endovascular
Figure 2. Bland Altman chart of the DAP measured on ﬁlm vs. DAP computed by
C-arm.
Table 1
Dose data of the indirect/direct dose measurement correlation study.
Patient DAP system
(mGy m2)
DAP ﬁlm
(mGy m2)
PSD ﬁlm
(Gy)
Procedure
#1 1.16 0.8 0.04 BIF
#2 2.26 2.24 0.13 BIF
#3 0.856 0.564 0.05 BIF
#4 3.37 2.85 0.23 BIF
#5 29.3 22.9 0.75 MB
#6 8.27 7.93 0.38 FEN
#7 (excluded) 8.26 1.49 0.07 FEN
#8 4.97 2.89 0.15 FEN
#9 2.87 3.43 0.18 BIF
#10 1.6 1.42 0.06 BIF
#11 1.02 1.07 0.05 BIF
#12 2.81 3.68 0.20 BIF
#13 13.82 9.81 0.43 FEN
#14 3.65 3.84 0.13 AUI
#15 0.84 1.05 0.03 BIF
DAP: Dose Area Product; PSD: Peak Skin Dose; BIF: bifurcated endograft; AUI: aorto-
uni-iliac endograft; FEN: fenestrated endograft; MB: multi-branched endograft.
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MB; AUI vs. THO; MB þ FEN vs. BIF þ AUI þ THO) were performed
using the ManneWhitney U-test for signiﬁcance. KruskaleWallis H
test was used in order to deﬁne the homogeneity of the ﬁve
subgroups. Student’s t-tests were used to compare differences of
the DAP between obese and non-obese groups of patients. The
correlation between BMI and DAP was quantiﬁed by Spearman’s
rank correlation coefﬁcient. A p-value <0.05 was considered
statistically signiﬁcant. We compared our results with other similar
studies in the published literature, since to date there are no
speciﬁc guidelines available for EVAR radiation exposure.Results
From January 2009 to April 2011, 335 patients underwent EVAR
of aortic aneurysm. Complete data were available on 301 proce-
dures including 188 bifurcated, 54 fenestrated, 28 thoracic, 20
multi-branched and 11 aorto-uni-iliac endografts implantation.Figure 3. PSD measured on ﬁlm vs. DAP computed by C-arm.Direct measurement of the skin dose
Of the 15 patient correlation study cases (nine bifurcated, one
multi-branched, four fenestrated and one aorto-uni-iliac endog-
rafts), one case (fenestrated graft, patient number 7) was excluded
because the ﬁlm was not correctly positioned. The results are
detailed in Table 1. DAP results showed a signiﬁcant correlation
(r2 ¼ 0.9836) between direct measurements on radiochromic ﬁlms
and values computed by the C-arm. Bland Altman plot showed no
variation of DAP even with increasing DAP values. We depicted in
two patients (patient 5 and 13) with large DAP values, that DAP was
remote from the expected zero difference. It is probably due to
lateral scanning that was not correctly recorded on the ﬁlms. The
average bias was 0.16 mGy m2 (Fig. 2). Data points proportionally
increased with the complexity of the procedure (higher DAP for
multi-branched endograft; lower DAP for bifurcated endograft).
Results also showed that DAP computed by the C-arm was
approximately 20% higher than DAP measured on radiochromic
ﬁlms. This underestimation could be explained by the following
two arguments: C-arm DAP calculation was performed without
a surgical table and mattress and therefore did not take into
account their attenuations; the dose contribution from patient
backscattered radiations was excluded. As expected, the correlation
between PSD measured on ﬁlm and DAP computed by C-arm was
weak (r2 ¼ 0.9227) (Fig. 3). The results of DAP measured on ﬁlmcorroborate that the DAP value computed by the C-arm can be used
as a reliable dose indicator for our current dose study.Indirect parameters of radiation exposure
Procedure details and indirect radiation parameters are detailed
in Table 2 and Fig. 4.
The DAP between the ﬁve subgroups was signiﬁcantly different
according to the KruskaleWallis test (H ¼ 84; p < 0.001 for 4
degrees of liberty). The mean of DAP between speciﬁc subgroups
was also compared by the ManneWhitney U-test, and the results
always reached the statistical signiﬁcance (Table 3).
The median DAP of obese patients (BMI > 30, N ¼ 78 patients)
was signiﬁcantly increased compared with that of non-obese
patients (N ¼ 223) (3 vs. 5 mGy m2, p < 0.01). The correlation
between BMI and DAP was highly statistically signiﬁcant (correla-
tion coefﬁcient ¼ 0.23; p-value for the correlation coefﬁcient
<0.001) (Fig. 5). This correlation was conﬁrmed by Spearman’s test
(rho ¼ 0.365; p < 0.001).
To our knowledge, in the literature, only four studies reported
their experience on radiation exposure during bifurcated endog-
raft implantation, and one study reported an experience on
branched endografts. All reports evaluated the mobile C-arm
radiation, except for the branched endograft radiation evaluation
Table 2
Procedure details and indirect radiation parameters.
Procedure N DAP (mGym2)
(median, range)
FT (min)
(median, range)
Intervention duration (min)
(median, range)
Contrast (ml)
(median, range)
AUI 11 2 (0.3e11) 6.2 (0.5e36.3) 110 (35e150) 85 (20e200)
THO 28 2 (0.26e11) 7.75 (1.16e19.1) 117 (40e246) 100 (24e304)
BIF 188 3 (0.43e28) 9.36 (1.76e67.1) 93 (24e270) 80 (20e260)
FEN 54 7.28 (1.16e29) 27.2 (2.1e69.1) 150 (40e330) 138 (25e225)
MB 20 15.95 (2.98e77.7) 42.98 (2.38e95.5) 210 (122e445) 226 (80e466)
BIF: bifurcated endograft; THO: thoracic endograft; AUI: aorto-uni-iliac endograft; FEN: fenestrated endograft; MB: multi-branched endograft.
Figure 4. Mean DAP system related to procedure complexity.
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Table 4.
Discussion
The cumulative radiation dose in EVAR to evaluate the arterial
anatomy, perform the procedure and control the aneurysm exclu-
sion is high and of concern. To reduce patient exposure, one can
reduce the per-procedural radiation. Our study shows that radia-
tion exposure during endovascular treatment of simple or complex
aortic aneurysm with a mobile C-arm can be considerably mini-
mised by applying the ALARA principle.
The Euratom 97/43 directive introduced the obligation to carry
out the health protection of individuals in relation to medical
radiation exposures.13 Each medical exposure of radiation must be
justiﬁed and optimised, and a dosimetric evaluation of radiation
exposure must be recorded in the patient’s ﬁle; where possible,
irradiant procedures must be substituted by non-irradiant proce-
dures.14 It is the operator’s responsibility to be informed on dose
levels and to include radiation dose in the continuous riskebeneﬁt
balance used to determine the value of continuation ofTable 3
Comparison of the mean DAP system between the speciﬁc subgroups using the
ManneWhitney U-test.
Subgroups Z p
BIF vs THO 5759 <0.001
BIF vs AUI 5915 <0.001
BIF vs FEN 26,519 <0.001
BIF vs MB 21,496 <0.001
FEN vs MB 13,408 <0.001
AUI vs THO 2162 <0.05
MB þ FEN vs BIF þ AUI þ THO 33,245 <0.001
BIF: bifurcated endograft; THO: thoracic endograft; AUI: aorto-uni-iliac endograft;
FEN: fenestrated endograft; MB: multi-branched endograft.a procedure.15 Radiation risks associated with interventional
procedures should be discussed with patients as part of the pre-
procedure consent process.5
The short-term adverse effects of radiation exposure include
skin erythema, cataracts, permanent depilation and delayed skin
necrosis. These deterministic effects are predictable dose-related
responses and therefore have a speciﬁc dose threshold below
which the effect does not occur and above which the severity
increases. In addition to these deterministic effects, all irradiated
patients and physicians are at risk for an increased incidence of
stochastic injuries. The most important one is the induction of
a malignancy, which may include the thyroid, the central nervous
system, the skin and the breast, with an associated latency period of
10e20 years.16 The severity has no relationship to dose and no
absolute threshold can be deﬁned, even if the incidence increases
with the dose. Nevertheless, the probability of a radiation-induced
malignancy is small compared with the ‘natural’ frequency of
malignancies.5
Film-based methods for determination of PSD have long been
considered the most reliable method for measuring skin dose.
However, such methods are labour intensive and the results are not
available in real time. Thus, we ﬁrst demonstrated, among 14
patients, a signiﬁcant correlation between measurements on ﬁlms
and values computed by the C-arm, and then reported only the
value computed by the C-arm.
Our study has the largest patient cohort in the peer-reviewed
literature to date. We did not evaluate the role of operator’s expe-
rience, although procedures were performed by vascular surgeons
in training as well as by experienced physicians. The mean ﬂuo-
roscopy time found in the present study for bifurcated endograft,
11.2min, is half themean values of 28.4, 20.6 and 22.6min reported
by Geijer,17 Weiss18 and Kalef-Ezra19 for the same procedure also
performed with a mobile C-arm. When using pulse mode, at
a frequency of 8 pulses per second, X-rays are on during about 20%
of the duration of a complete sequence. In this mode, the technique
is similar to the one set for continuous ﬂuoroscopy. It does result
into a signiﬁcant FT reduction, and therefore dose reduction. The
mean DAP value found in our study for bifurcated endograft,Figure 5. Correlation between body mass index (BMI) and dose area product (DAP).
Table 4
Literature analysis.
First author (year) Procedure
(N cases)
Fluoro time
(minutes)
DAP Min
(mGy.m2)
DAP Max
(mGy.m2)
DAP mean
(mGy.m2)
Mode
Geijer17
(2005)
BIF (24) 28.4 1.66 19.50 7.23 low dose
Weiss18 (2008) BIF (12) 20.6 5.21 24.54 15.17
Weerakkody20
(2008)
BIF (96) not available 9 65.9 15
Kalef-Ezra19 (2009) BIF (62) 22.6 0.90 13.90 4.25 low dose
Panuccio9 (2011) MB not available not available pulsed
29 type IV 81.9 64.25
18 type I, II, III 140.7 100.67
Our study BIF (188) 11.2 0.43 28 4.05 low dose pulsed
FEN (54) 29.2 1.16 29 8.6
MB (20) 46.5 2.98 77.7 18.9
BIF: bifurcated endograft; THO: thoracic endograft; AUI: aorto-uni-iliac endograft; FEN: fenestrated endograft; MB: multi-branched endograft; type IV: type IV thoraco-
abdominal aortic aneurysm; type II III: type II or III thoraco-abdominal aortic aneurysm.
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reported by Kalef-Ezra,19 the optimal dose described in the
literature. Nevertheless, our mean DAP value for fenestrated
endografting, 8.6 mGym2, is comparable to bifurcated endografting
values reported by Geijer et al.,17 7.23 mGy m2. Our DAP value for
branched endograft, 18.9 mGy m2, is comparable to the bifurcated
endograft procedure reported by Weiss et al.,18 15.17 mGy m2or
Weeralkody et al.,20 15 mGy m2. The Cleveland Clinic experience
reported DAP values three times greater for branched endografts
performed in a ﬁxed room.9 In ﬁxed rooms, imaging is not limited
by overheating, in contrast to mobile C-arms. Thus, physicians are
probably less concerned by ﬂuoroscopy time, magniﬁcation, etc.
In our study, DAP had a strong correlation with patient’s BMI.
This correlation is not surprising considering that in obese patients
the X-ray beam must penetrate more tissue to reach the image
detector. A photodiode detects the low light output by the image
intensiﬁer and produces a feedback signal to increase the radiation
dose until there is sufﬁcient penetration to produce an adequately
bright image.21 In our study, DAP values in obese patients were
almost two times greater than non-obese patients.
An option to reduce radiation exposure during the implantation
procedure is the use of 3D navigation after dyna-CT acquisition or
fusion of the preoperative CT images with the ﬂuoroscopic images.
These methods allow arterial visualisation from any desired angle,
a real-time visualisation of the instrumentwith respect to the fused
image modalities (like road mapping) and a minimisation of radi-
ation exposition and nephrotoxic contrast media.22 These methods
cannot be applied to the current mobile C-arms, but future gener-
ations will undoubtedly include them. Currently, when the C-arm
and the table are controlled and moved by the surgeon, positioning
is faster and more accurate. As a consequence, ﬂuoroscopy time is
reduced.
During EVAR, patients require extended exposure to X-rays
during the procedure, aswell as before and after the procedure,with
the multiple CT scans used to assess aneurysms preoperatively
(endograft design) and postoperatively (lifelong follow-up). We
have already addressed our methods for reducing per-operative
radiation. Alternative follow-up imaging modalities are being eval-
uated, with the aim of ﬁnding an optimal follow-up imaging
protocol using less radiation and contrast volume, including
contrast-enhanced ultrasound (CEUS) and colour duplex ultrasound
(DUS) imaging. A recent study comparing CEUS/DUS with CT scans
revealed that a follow-up protocol comprising of DUS/CEUS and
plain abdominal X-ray gives a wide range of information covering
EVAR-related risks and is associated with less radiation exposure.
The authors conclude CT angiography (CTA) should be reserved for
cases of inconclusive ultrasound, signs of complications andunfavourable anatomy.23 In our practice, we performed both CEUS
and CTscans postoperatively, then a CEUS at 6months, a CTscan at 1
year, then CEUS and CT scan alternatively thereafter. We recently
evaluated our experience with CEUS for endoleak detection and
aneurismal sac diameter measurement in the follow-up after EVAR
among 395 patients. This work demonstrated a good correlation
between CEUS and CTA (rs ¼ 0.9454, p < 0.01) and that both
examinations were equivalent in endoleak detection (in press).
In conclusion, these data provide useful information regarding
patient radiation exposure for simple and complex aortic aneurysm
repair procedure. It is the largest patient cohort in the literature to
date. Attempts at reducing radiation exposure using collimators,
pulsed ﬂuoroscopy and short ﬂuoroscopy times are mandatory.Acknowledgement
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